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Abstract 


In  both  places  the  monitors  were  of  the  standard  pattern 
with  12  proportional  counters  filled  with  97  per  cent  enriched 
The  first  and  second  harmonics  of  the  mean  daily- 
variation  have  been  determined  both  for  yearly  periods  and  for 
each  sun  rotation  period.  Vector  sum  diagrams  for  the  first 
harmonica  in  the  latter  case  are  given  covering  the  intervals 
31  A'dg,  1956  to  15  Aug,  1959  for  Uppsala  and  13  Sep,  1957  to  29 
April  1959  for  Murchison  Bay,  In  some  instances  a  considerable 
phase  shift  has  taken  place  from  one  sequence  of  sun  rotation 
periods  to  another.  These  phase  shifts  were  not  contemporary  at 
the  two  stations.  The  first  harmonic  of  the  12-month  means  dis¬ 
plays  a  high  degree  of  constancy  with  only  a  small  secular  phase 
shift.  The  amplitudes  of  the  second  harmonics  are  very  small. 
Conditions  are  especially  favourable  concerning  the  deviation 
in  the  earth's  magnetic  field  of  the  particles  registered  by 
the  Murchison  Bay  monitor.  Accordingly  it  has  been  possible  to 
determine  the  direction  of  the  anisotropy  with  a  fairly  good 
accuracy.  The  Murchison  Bay  records  do  not  show  any  prominent 
phase  shift  with  the  K  index.  Concerning  Uppsala,  days  with 

e  1  nay  have  a  much  later  time  of  maximum  than  other 
days.  There  appears  to  be  a  small  but  consistent  variation  of 
the  amplitude  with  index. 
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1 .  Introduction 

When  plans  were  made  for  a  Swedish  arctic  station  during 
the  IGY  it  was  natural  to  include  studies  of  cosmic  rays  in  the 
programme.  This  had  also  been  one  of  the  subjects  studied  at 
one  of  the  Swedish  arctic  stations  during  the  second  polar  year. 

Now  it  was  deemed  essential  to  include  a  neutron  pile 
monitor  among  the  equipment.  The  plans  were  realized  through 
the  Swedish-Pinnish-Swiss  IGY-expedition  1957  -  58  to  Murchison 
Bay  (Liljequist  1959)*^ 

The  site  of  the  station  is  on  Norwegian  territory.  It  is  on 
the  big  arctic  island  of  the  Svalbard  archipelago  called  Nord- 
austlandet  on  Norwegian  maps,  Spitsbergen  on  British  maps.  The 
geographic  coordinates  of  the  station  are  80°  03 'N  and  IB^IB'l, 
It  is  nearly  on  the  same  meridian  as  the  cosmic  ray  station  at 
Uppsala  (59°  55 'N  and  17°  55 'E).  It  lias  also  been  established 
that  during  the  IGY  the  neutron  monitor  at  Murchison  Bay  was 
the  closest  to  either  of  the  geographic  poles. 


Bibliographical  references  are  nsde  by  means  of  the 
authors'  names  and  the  years  of  publication. 


Ihe  reliable  continuous  records  from  the  Murchison  Bay 
monitor  start  with  27  Aug.  1957.  After  the  end  of  the  Swedish- 
Pinnish-Swiss  IGY  expedition  the  base  was  maintained  for  an¬ 
other  year.  However,  owing  to  very  adverse  ice-conditions  at 
the  end  of  the  1958  summer  it  became  impossible  to  refurnish 
the  base  with  an  adequate  supply  of  diesel  oil  for  the  genera¬ 
tors  4  As  a  consequence  the  continuous  running  of  the  latter  had 
to  end  with  April  1959.  Thus,  the  C.R.  records  from  Murchison 
Bay  cover  a  stretch  of  20  full  months.  The  first  year‘'s  results 
from  the  Uppsala  monitor  have  already  been  published  (Sandstrom 
and  Lindgren  1959).  To  a  certain  extent  they  will  also  be  in¬ 
cluded  among  the  discussions  in  the  present  paper. 

2.  Equipment 

Both  monitors  are  of  the  type  (Simpson,  Ponger,  Treiman 
1953)  recommended  as  the  international  standard  instrument  for 
the  geophysical  year.  The  few  details  in  which  the  monitors 
differ  from  those  of  Simpson  et  al.  were  discribed  in  the  paper 
concerning  the  first  year's  records  from  Uppsala  (Sandstrbm 
and  Lindgren  1959).  Because  of  the  conditions  expected  at  the 
arctic  station  the  monitor  was  given  some  special  features. 

As  in  the  Uppsala  monitor  a  heavy  paraffin-filled  wooden 
box  serves  as  a  base  supporting  the  core  of  lead.  However, 
for  the  shield  on  top  and  on  the  sides  of  the  pile  the  paraffin 
was  put  in  aluminium  containers  instead  of  the  wooden  boxes, 
used  in  the  Uppsala  monitor.  Although  this  kind  of  container 
was  far  more  expensive  than  the  wooden  ones  it  was  judged  as 
far  more  safe  from  the  point  of  view  of  fire  hazards.  In  this 
way  it  was  easy,  also,  to  give  all  the  parts  of  the  shielding 
such  dimensions  as  to  make  it  possible  to  assemble  the  monitor 
for  test  in  the  laboratory  at  Uppsala  and  then  remove  it  in 
pieces  to  be  reerected  at  Murchison  Bay  with  the  least  possible 
trouble. 

Although  the  site  of  the  arctic  station  was  in  a  region 
believed  to  be  comparatively  free  from  heavy  snow  falls j  special 
precautions  were  taken  to  avoid  having  the  counting  rate  of  the 


monitor  affected  by  snow  surrounding  the  building.  Accordingly 
an  Iron  scaffold  was  constructed  to  carry  the  monitor  at  a  level 
well  above  the  height  of  any  snow  drifts  which  might  possibly 
dollect  along  the  walls  of  beams  supporting  a  thick  wooden  floor, 
Ihe  scaffold  carrying  the  monitor  stood  on  this  floor,  lo  prevent 
the  paraffin  boxes  from  falling  down  or  getting  out  of  place 
the  whole  construction  was  held  together  by  an  iron  frame  bolted 
to  the  wooden  floor* 

Precautions  were  also  taken  to  avoid  any  disturbing  snow 
cover  upon  the  roof  of  the  building.  According  to  recommendations 
by  persons  having  first  hand  experience  at  the  intended  site  of 
the  station  the  roof  of  the  "cosmic  ray  house"  was  given  the 
outlines  of  a  pyramid.  This  shape  was  expected  to  favour  the 
snow  being  blown  away  by  the  prevailing  winds.  The  scheme  turned 
out  very  well.  During  the  second  year  there  was  very  much  snow 
at  the  base  as  a  whole  but  conditions  were  still  satisfactory 
around  the  "cosmic  ray  house".  The  snow  never  got  as  high  as  to 
the  bottom  of  the  monitor.  Twice  snow  had  to  be  removed  from 
the  roof.  Ihe  bottom  of  the  monitor  is  just  below  the  upper  edge 
of  the  wall.  The  shortest  distance  between  the  inner  roof  and  the 
monitor  is  100  cm.  The  mass  of  the  heat  insulated  roof  is  less 
than  10  g/cm  , 

The  electronics  of  the  Murchison  Bay  monitor  is  a  true 
replica  of  that  at  Uppsala  (Sandstrdm  and  Lindgren  1959)*  The 
decade  scalers  are  photographed  once  every  hour.  As  in  Uppsala 
the  panel  carries >  besides  the  scalers,  a  clock  showir^  the  day 
as  well  as  the  hours,  and  also  two  counters,  one  for  the  r>inning 
number  of  the  exposure  and  one  indicating  power  failures.  As 
the  research  station  at  Murchison  Bay  included  a  very  complete 
meteorological  service  and  the  pressure  was  registered  in  an 
adjacent  building  it  was  de-emed  quite  unnecessary  to  equip  the 
monitor  with  an  instrument  for  independent  barometric  measure¬ 
ments, 

Ihe  general  cosmic  ray  equipment  included  an  auxiliary 
recording  instrument ,  so-called  centralograph,  already  described 
in  a  previous  paper  (Sahdstrbm  and  Mndgren  1959).  Rcom  these 
auxiliary  records  the  counting  rates  can  be  derived  for  periods 


-5- 


of  any  length  from  half  a  minute  to  one  hour. 

Ihe  power  was  supplied  by  two  diesel-engined  generators, 
one  of  them  always  being  kept  ready  to  take  over  the  load  in  an 
emergency.  Ihe  start  of  the  diesel-engine  v/as  operated  manually 
but  the  switching  over  from  one  generator  to  the  other  followed 
automatically.  However,  this  could  never  be  achieved  without 
disturbing  the  cosmic  ray  equipment.  The  routine  exchange  of 
diesel  generators  once  a  week  was  therefore  by  arrangement 
executed  at  times  which  interfered  as  little  as  possible  with 
the  C,E,  recording. 

3,  Tests  and  calibrations 

Before  removal  to  Murchison  Bay  the  neutron  monitor  with 
all  its  electronic  equipment  was  thoroughly  tested  at  the 
physics  laboratory  in  Uppsala.  Further  tests,  although  not  as 
extensive,  were  carried  out  after  the  reassembling  of  the  moni¬ 
tor  on  its  final  site. 

The  same  scheme  for  adjustments,  tests,  and  calibrations 
was  followed  as  that  already  worked  out  for  the  Uppsala  moni¬ 
tor.  Amplifiers  and  discriminators  were  at  all  times  adjusted 
so  as  to  allow  pulses  from  the  proportional  counters  larger 
than  1  mV  to  be  counted. 

The  monitors  were  calibrated  by  means  of  Ea  Be  neutron 
sources  of  1  me.  Calibrations  were  made  whenever  a  readjust¬ 
ment  of  amplifiers  or  discriminators  took  place  as  well  as  after 
repairs  or  at  any  suspicion  of  a  change  of  counting  rate.  No 
regular  time  schedule  was  followed  as  it  was  our  aim  to  disturb 
the  continuous  performance  of  the  monitors  as  little  as  possible. 

Both  monitors  have  the  tubes  for  positioning  the  neutron 
source  approximately  15  cm  above  the  center  of  each  section 
with  an  auxiliary  tube  at  the  center  of  the  monitor  as  a  whole. 
However,  the  sections  were  always  calibrated  separately.  By 
limiting  each  calibration  run  to  25  minutes  the  whole  calibratioi 
could  be  completed  within  one  hour.  This  was  necessary  with 
regard  for  the  continuity  of  the  records  as  one  section  could 


not  be  calibrated  without  affecting  the  counting  rate  Of  the 
other.  Likewise  the  neutron  source  affected  the  counting  rate 
Of  the  counter  telescopes  in  the  vicinity  of  the  monitors. 

In  Murchison  Bay  as  well  as  in  Uppsala  the  two  monitor 
sections  have  displayed  approximately  the  same  counting  rates 
as  far  as  cosmic  rays  are  concerned.  But  in  both  places,  owing 
to  some  slight  displacement  of  the  calibration  tubes  from 
exactly  symmetrical  positions,  the  counting  rates  of  the  two 
sections  differ  when  exposed  to  the  radiation  from  the  neutron 
so;irce, 

V/ith  cadmium  covers  on  the  proportional  counters  the  coun¬ 
ting  rate  of  the  Uppsala  monitor  was  4  per  cent  of  the  normal 
counting  rate  with  the  cadmium  tubes  removed,  while  that  of  the 
Murchison  Bay  monitor  v/as  only  2,5  per  cent.  In  both  cases  it 
was  constant  all  along  the  plateau  of  the  counters, 

4.  The  primary  data 

During  Sept,  1957  the  average  counting  rate  of  the  Murchison 
Bay  monitor  was  420  c/min.,  while  that  of  the  Uppsala  monitor 
was  as  low  as  400  c/min.  The  Murchison  Bay  records  cover  the 
period  of  minimum  intensity  of  the  nucleonic  component  as  well 
as  what  appears  to  be  the  start  of  a  slow  increase.  The  monthly 
averages  appear  to  follow  one  another  comparatively  closely (Fig, 1 
regardless  of  whether  all  days  are  included  or  only  those  with 
Kp  indices  less  than  3*  (main  phase  of  Forbush  decreases  ex¬ 
cluded). 

In  the  whole  set  of  data  from  the  Murchison  Bay  monitor 
only  1?  days  are  affected  by  breaks  in  the  records  of  such  an 
extent  as  to  make  them  unsuitable  for  harmonic  analysis.  Breaks 
in  the  records  have  also  caused  the  exclusion  of  29  days  from 
the  24  months  of  data  from  the  Uppsala  monitor  between  1  Sept, 
1957  and  5'i  Aug.  1959. 

For  both  monitors  there  are  instances  in  which  days  could 
be  saved  for  the  harmonic  analysis  by  interpolating  values  for 
single  hours  or,  in  a  few  cases,  two  consecutive  hours.  In  such 
cases  great  care  has  been  exercised.  In  no  case  single  events 
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Pig,1.  Monthly  reans  of  the  24-hr  valuer,  of  the  nucleon  corcnonent  in 
uppsala  and  Murchiaon  Bay.  Pull  linces  days  v/ith  =  3^^ 

Dotted  lines:  all  available  days. 


Pig. 2.  Pirst  and  second  haraonics  of  the  asan  daily  variation  for 
1  Sep.  I?!:?  to  Ti\  Aug,  ^956  at  Murchison  Bay  and  Uppsala, 
The  statistical  fluctuations  are  indicated. 
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or  abrupt  intensity  changes  are  known  to  have  taken  place  during 
the  interval  for  which  such  an  interpolation  was  performed.  The 
majority  of  interpolations  took  place  in  connection  with  cali¬ 
brations  of  the  monitors.  Therefor*,  It  ought  to  be  rememb*h'ed 
also,  that  although  its  counting  rate  is  affected,  the  half  of 
the  monitor  not  being  calibrated  can  still  be  used  for  checking 
that  no  sudden  changes  take  place  in  the  intensity  of  the  nu¬ 
cleonic  component.  The  meson  telescopes  mounted  in  the  same  places 
os  the  two  monitors  serve  for  checking  the  C,R»  intensity  ife  a 
general  way  during  periods  where  values  are  lacking  from  other 
Causes, 

All  data  have  been  referred  to  intervals  of  2  hours.  They 
have  been  reduced  to  an  atmospheric  pressure  of  1010  mb  (the 
yearly  average  for  Uppsala  is  1008  mb  and  that  for  Murchison 
Bay  1012  mb).  The  pressure  coefficient  -  0,737  per  cent/mb  has 
been  adopted  for  both  the  monitors  (Sandstrom  1958,  Sandstrom 
and  Lindgren  1959). 


5.  The  dally  variation  . 

The  harmonic  analysis  has  been  carried  out  by  mearis  of  the 
electronic  computing  machine  BESK  in  Stockliolm.  The  points  of 
measurement  constitute  a  time  series.  Therefore,  it  is  difficult 
to  calculate  the  standard  error.  In  some  previous  papers  (Sand- 
strbm  1955,  Sandstrom  and  Lindgren  1959),  this  difficulty  was 
surmounted  by  exchanging  the  standard  error  for  another  limit 
of  error.  The  latter  was  based  on  the  assumption  that  the  error 
in  the  difference  between  the  daily  mean  and  the  number  of  pulses 
during  each  2-hr  period  was  twice  the  standard  deviation  of  each 
point  of  measurement  (Sandstrom  1955),  fhe  error  determined  in 
this  way  will  give  a  confidence  of  90  -  99  per  cent.  It  meets  the 
purpose  well  when  high  confidence  is  desirable.  However,  compa¬ 
risons  become  difficult  with  other  papers,  where,  usually,  limits 
of  error  are  based  only  on  the  Poisson  distribution  of  pulses.  In 
the  present  paper  we  have  therefore  returned  to  this  method  of 
defining  the  accuracy. 

At  the  same  time  it  appears  to  us  essential  to  determine  the 
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limits  of  error  so  as  to  correspond  to  real  facts.  This  can  be 
done  by  calculating  the  standard  error  from  the  residuals  of  the 
points  of  measurement  after  fitting  the  first  harmonic,  resp,  the 
sum  of  the  first  and  second  harmonics.  The  deduction  of  the  for¬ 
mulas  for  this  error  will  be  given  in  an  appendix  to  Technical 
Note  No  3,  In  some  of  the  clock  diagrams  we  have  indicated  also 
these  limits  of ,  error  by  circles.  It  is  our  opinion  that  this  kind 
of  error  should  be  employed  for  the  calculation  of  significances 
rather  than  that  deduced  solely  from  an  assumed  Poisson  distri¬ 
bution  of  pulses.  The  standard  deviation  of  the  points  of  measure 
ment  from  the  resulting  curve  will  evidently  include  all  statist! 
cal  fluctuations.  There  is  no  constant  relation  between  the  two 
kinds  of  errors.  That  including  all  statistical  fluctuations  is 
usually  bigger  than  that  covering  only  the  Poioaon'  distribution. 
Concerning  the  additional  variations  vie  wish  to  remark  that  one 
of  us  (Dyring  1960)  has  found  that  the  statistical  fluctuations 
calculated  according  to  Poisson's  law  have  to  be  multiplied  by 
a  factor  of  1.2  xo  cover  the  actual  hour  by  hour  fluctuations. 

The  yearly  mean  daily  variations  of  the  nucleonic  component 
as  recorded  in  Murchison  Bay  and  Uppsala  during  the  period  1  Stp- 
1957  to  31  Aug.  1958  are  shown  in  Fig.  2,  The  statistical  varia¬ 
tions  are  also  plotted  for  each  2-hour  interval.  The  figure  dis¬ 
plays  how  the  points  of  measurement  are  distributed  relative  to 
the  first  and  second  harmonics,  A  corresponding  diagram  for  the 
records  from  the  Uppsala  monitor  from  1  Sept,  1956  to  31  Aug. 

1957  has  been  published  in  a  previous  paper,  A  comparison  does 
not  display  any  differences  in  either  phase  or  amplitude  between 
the  two  yearly  means  as  recorded  by  the  Uppsala  monitor. 

The  amplitude  of  the  first  harmonic  is  evidently  smaller  at 
the  latitude  of  Murchison  Bay  than  at  the  latitude  of  Uppsala. 
This  is  displayed  also  by  the  clock  diagrams  in  Pigs,  3  and  4. 

The  phase  difference  is  45  minutes  in  both  cases,  A  small  phase 
shift  is  indicated  by  the  records  from  the  Uppsala  monitor  durin 
three  consecutive  years  (Fig.  5),  The  small  amplitude  at  Murchi¬ 
son  Bay  causes  an  error  in  the  time  of  maximum  approximately 
twice  as  big  as  that  affecting  the  time  of  maximum  at  Uppsala. 
(Table  1).  Concerning  the  phase  difference  between  Uppsala  and 
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MurcMson  Bay  it  undoubtedly  exists  even  with  due  regard  for 
the  wider  limits  of  error  deduced  from  the  standard  deviations 
of  the  points  of  measurement  from  the  first  harmonic  and  94  per 
cent  confidence  is  being  demanded  (Table  1), 

Turning  to  the  vector  sum  diagram  of  the  yearly  means  from 
Uppsala  (Pig. 5)  we  note  that  a  small  but  persistent  phase  shift 
is  indicated  during  three  consecutive  12-monthly  periods.  It 
ought  to  be  remarked,  however,  that  there  appears  to  be  a  phase 
difference  of  105  minutes  between  the  two  calendar  years  1957 
and  1958.  This  difference  is  far  outside  any  limits  of  error. 

The  reason  for  such  a  shift  depending  on  the  starting  point  for 
the  twalve  -monthly  periods  is  more  easily  understood  after  study¬ 
ing  the  vector  sum  diagrams  in  Pig.  6.  These  diagrams  represent 
the  phase  and  amplitude  of  the  first  harmonic  of  the  mean  daily 
variation  for  separate  sun  rotation  periods.  Naturally,  the 
influence  from  the  statistical  fluctuations  will  be  considerable 
although  very  few  days  had  to  be  excluded.  Although  such  an 
exclusion  of  a  couple  of  days  from  a  27-day  period  usually  does 
not  affect  the  mean  values  of  either  the  phase  or  the  amplitude 
there  are  instances,  especially  during  periods  with  a  small 
amplitude ,  when  a  considerable  change  is  caused  by  excluding 
only  one  single  day  (Sandstrbm  and  Lindgren  1959).  Therefore, 
the  means  for  the  sun  rotation  periods  have  been  calculated  usin{ 
exactly  the  same  days  for  both  stations.  In  general  the  Murchisor. 
Bay  records  display  a  small  amplitude.  Consequently  the  random 
fluctuations  will  tend  to  mask,  most  of  the  phase  variations. 

For  both  stations  it  can  be  said  that  in  most  instances  where 
there  is  a  considerable  variation  in  phase  the  amplitude  is 
small  and  consequently  the  whole  phase  change  can  be  regarded 
as  due  to  a  random  distribution  around  a  mean.  In  other  instan¬ 
ces  the  more  or  less  persistent  trend  of  the  phase  indicates 
variations  which  apparently  are  real. 

As  far  as  the  phase  is  concerned  the  vector  sum  diagram  for 
Uppsala  does  not  show  any  prominent  deviations  from  the  mean 
value  for  the  whole  period  51  Aug,  1956  to  15  Aug.  1959.  The 
vector  sum  diagram  for  Murchison  Bay  displays  a  different 
picture.  Starting  with  August  and  through  October  1958  the  phase 
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differed  definitely  froni  that  before  as  v/ell  as  after  this  ni.r7loci. 

It  appears  also  as  if  a  phase  shift  had  taken  place  shortly  after 
the  start  of  recording.  However,  the  discussion  will  be  confined 
to  the  other  two  instances  when  a  phase  shift  appears  to  have  taken 
place.  Accordingly. we  calculate  the  means  for  the  periods  10  Oct, 
1957  -  2  Aug.  1958}  3  Aug.-18  Nov,  1958,  and  19  Nov, 1958-29  April 
1959*  Tlie  result  is  illustrated  by  the  clock  diagram  in  Pig,7f  Will- 
due  regard  for  the  standard  error  it  is  evident  from  this  diagram 
that  the  phase  is  the  same  during  the  first  and  third  periods,  Cora  - 
bining  these  two  periods  we  find  a  time  of  maximum  intensity  of 
1328  GMT  i  17  min.  For  the  period  5  Aug, -18  Nov,  1958  the  time  of 
maximam  was  1723  GMT  -  31  min.  From  Pig, 7  it  is  apparent  -bhat  the 
phase  shift  is  real.  The  phase  shift  is  56°  i  22°,  It  in  clearly 
indicated  still  if  we  demand  a  confidence  of  95  per  cent. 

It  is  possible  that  the  phase  shift  of  the  mean  daily  variatiori 
in  Uppsala  for  the  two  calendar  years  as  compared  to  the  three 
twelve-monthly  periods  is  due,  also,  to  short  periods  of  a  differin, 
phase,  A  study  of  the  details  of  the  vector  sum  diagram  for  this 
station  (Pig, 6)  reveals  the  existence  of  such  periods  although  they 
are  less  conspicuous  than  in  the  Murchison  Bay  records.  The  clock 
diagram  in  Fig. 8  illustrates  the  mean  daily  variation  during  the 
three  periods  31  Aug,  1956-7  March  1957;  8  March-20  July  1957;  and 
21  July  1957-3  March  1958,  This  case  exhibits  a  striking  resemb¬ 
lance  to  that  illustrated  in  Pig, 7.  It  is  evident  that  during  the 
middle  period  the  phase  differed  from  that  during  the  two  adjacent 
periods,  A  phase  difference  between  the  two  latter  is  also  indi¬ 
cated.,  the  time  of  maximum  being  1327  ®IT  -  8  min,  for  the  firsi; 
one  and  1305  GMT  *  8  min,  for  the  third  period..  During  the  inter¬ 
vening  time,  8  March-20  July  1957>  the  time  of  maximum  was  111? 

GMT  -  16  min.  This  period  with  an  early  maximum  falls  inside  the 
calendar  year  1957,  In  the  following  year  there  does  not  exist  any 
prolonged  period  with  such  a  comparatively  early  maximum  (during 
the  sun  rotation  period  No  1711  the  mean  time  of  maximum  was  1030 
GMT),  If  the  period  8  March-20  July  is  excluded  from  the  1957 
records  the  mean  time  of  maximum  will  be  practically  the  same  as 
that  during  1958, 

The  two  vector  sum  diagrams  (Pig,,7)  reveal  also  that  the 
variations  of  the  amplitude  in  the  two  places  are  not  well  corre¬ 
lated.  This  is  especially  true  for  the  last  quarter  of  1957  and 
the  first  quarter  of  1958, 
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6,  She  second  harmonic 

The  amplitude  of  the  second  harmonic  is  very  small.  It  is 
of  the  same  order  of  magnitude  in  Uppsala  and  Murchison  Bay 
(Fig, 3)*  Both  phase  and  amplitude  f.re  s:,.r,~.’cly  affected  by  the 
exclusion  of  only  a  few  days  (Sandstrem  and  Lindgrcn  1959)- 
Further,  as  was  sho'/m  by  the  first  year's  records  from  tho 
Uppsala  monitor  periods  exist  which  have  a  prominent  se''  'nd 
harmonic  while  the  amplitude  of  the  first  harmonic  is  of  the 
same  order  of  magnitude  or  even  less  (Sandstrbm  and  Lindgren 
1959). 

The  three  consecutive  12-monthly  periods  combined  with  ihi 
calendar  years  1957  and  1958  from  the  Uppsala  monitor  provide 
running  means  for  a  study  of,  the  second  harmonic  (Table  2),  The 
vector  sum  diagram  for  the  three  12-monthly  periods  is  to  be 
found  in  Fig.  5.  This  diagram  as  well  as  the  figures  in  Table  2 
strengthen  the  picture  of  r.  considerob?.e  variation  both  in  p’.iarc 
and  amplitude.  If  we  consider  only  the  Poisson  distribution  of 
the  number  of  pulses  during  the  2-hr  intervals  the  e:cistcnce  of 
the  second  harmonic  does  not  seen  to  be  in  doubt.  If  the  standar 
errors  are  calculated  from  residuals  c-f  the  points  cf  measuremen 
after  fitting  the  first  plus  second  harmonics  the  second  h.armo- 
nic  appears  doubtful.  A  94  per  cent  confidence  is  in  any  ense 
unattainable, 

.  7 .  The  longitude  correction 

Texrel.la  experiments  (Malmfors  1945,  Briuaberg  1955,  Brun- 
berg  and  Dattner  1953)  made  it  possible  to  calculate  the  asymp¬ 
totic  directions  of  primaries  for  various  rigidities  and  direc¬ 
tions  of  registration  (Brunberg  1956) ,  The  knowledge  thus  gathe.-. 
can  be  utilized  to  determine  the  true-  direction  of  the  anicotro;., 
responsible  for  the  dail;'^  variation  (Brunborg  and  Dattner  1959)- 
Hov;ever,  several  obstacles  have  to  be  overcome  before  it  bocoua:: 
possible  to  determine  the  correction  for  tho  deviation  of  the 
primaries  in  the  geomagnetic  field  v/ith  a  precision  correspondin 
to  that  of  present  day  C.R,  registrations  (Dorman  1957).  Three 


factors  are  involved*,  the  rigidity  spectrum  of  the  primaries,  the 
solid  angle  of  acceptance  of  the  detector,  and  the  shape  of  the 
geomagnetic  field.  The  multiplicity  of  the  nucleon  production  is 
a  function  of  the  rigidity.  It  is  thus  a  part  of  the  first  one  of 
the  three  factors  listed.  The  effective  rigidity  to  he  ascribed 
to  the  primaries  of  tne  nucleonic  component  at  the  geomagnetic 
latitude  of  Uppsala  has  been  discussed  elsewhere  (Sandstrom  and 
lindgren  1959),  Concerning  Murchison  Bay  especially  favourable 
conditions  govern  the  angular  correction  in  the  east-west  plane  : 
for  particles  observed  by  the  monitor  in  the  zenith  direction. 

At  this  latitude  secondaries  accepted  by  the  monitor  at  zenith 
angles  up  to  48*^  originate  from  primaries  having  asymptotic 
directions  inside  a  comparatively  narrow  cone  (Astrom  1956j  com¬ 
pare  also  Pig.  32  in  Brunherg  1956).  Under  these  conditions  we 
have  found  it  permissible  to  regard  the  Murchison  Bay  monitor  as 


observing  predominantly  in  the  zenith  direction. 

The  longitude  correction  and  the  latitude  correction 
for  the  zenith  direction  and  varying  rigidities  have  been  plotted 
in  a  diagram  (Pig.  9)  according  to  Brunherg  (1956).  The  values 
have  been  recalculated  to  the  geographic  latitude  78®  (longyear- 
byen).  In  high  latitudes  a  couple  of  degrees  make  quite  a  marked 
difference*  For  rigidities  below  10  GeV/c  the  values  have  been 
calculated  from  the  measurements  by  Malmfors  (1945).- 

The  corresponding  curve  for  the  zenith  direction  in  Uppsala 
has  been  entered  into  the  same  figure.  The  conditions  are  not  as 
favourable  in  this  case  as  in  the  former  one,  nevertheless,  as 
has  been  pointed  out  by  Astrdm  (1956)  the  spherical  representa¬ 
tions  by  Brunherg  (1956)  of  v  and  t  reveal  a  certain  focussing 
effect  even  for  latitudes  down  to  50®,  However,  the  cones  limiting 
the  asymptotic  directions  will  not  have  as  small  a  solid  angle 
as  in  the  case  of  the  Murchison  Bay  monitor. 

'Sbat  concerns  us  most  is  the  longitude  correction  '4'^, 

Pig.  9  reveals  that  for  rigidities  below  40  GeV/c  this  correction 
does  not  vary  very  much  with  the  rigidity.  Most  of  the  primaries 
responsible  for  the  nucleonic  component  will  have  rigidities  below 


1 0  GeY/c .  Accordingly  it  appears  to  be  realistic  to  put 
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calculated  from  M-’jjg  and  the  phase  difference  between  the  two 
stations  would  then  be 

%  =  . . ---(3) 

Accordingly  the  curves  in  Fig. 9  indicate  that  the  "effec¬ 
tive"  rigidity  has  to  fall  between  3  and  5  GeV/c  to  correspond 
to  the  same  original  direction  of  the  anisotropy  in  both  cases. 
This  is  reasonable,  considering  what  is  known  of  the  rigidity 
spectrum  of  the  primaries  generating  the  nucleonic  component. 

Recent  studies  of  the  latitude  effect  have  shown  that  the 
actual  magnetic  field  configuration  near  the  surface  of  the 
earth- has  a  certain  influence  on  the  geomagnetic  out  off  of  C.R. 
(Rothwell  1958,  Sandstrom  1958,  Pomerantz,  Sandstrbm,  Potnis,  and 
Rose  1959).  It  has  not  been  proved  that  there  exists  a  corres¬ 
ponding  effect  on  the  trajectories  of  the  primaries.  Most  of  the 
length  of  each  trajectory  will  certainly  fall  in  a  region  where 
the  geomagnetic  field  is  regular  and  free  from  anomalies.  In 
Murchison  Bay  as  well  as  in  Uppsala  the  magnetic  meridian  plane 
nearly  coincides  with  the  geographic  meridian.  Dip  and  geomagne¬ 
tic  coordinates  are  listed  in  Table  3, 


Table  3 


Uppsala 

Murchison  Bay 

Geogr.  lat. 

59°51  'N 

80°03  'N 

Geogr,  long. 

17°55'E 

18^15 '2 

Geomagn.  lat. 

58°36' 

75°50' 

Geomagn.  long. 

0 

-a 

0 

137®30' 

Dip 

72°30' 

82°30' 

Declination 

0®30'E 

1°0'E 

8,  The  direction  of  the  anisotropy 

The  direction  of  the  observed  anisotropy  is  most  convenient¬ 
ly  defined  through  the  angle  a,  it  makes  with  the  radius  vector 


from  the  sun.  For  this  angle  we  have 

o-  =  ).  +  T  +  ‘4’  (3) 

Hare  A  represents  the  geographic  longitude  (Table  3).  ’X 
is  the  difference,  in  angular  measure,  between  the  time  of  maxi¬ 
mum  and  noon  i.e,  -x  =  15°(t  “  12).  The  values  of  T  for  the 

periods  under  discussion  are  listed  in  Table  4.  The  value  of  the 
longitude  correction  '-V  for  Murchison  Bay  is  that  given  by  eq, 
(1),  For  Uppsala  o.  has  been  calculated  both  with  a  longitude 
correction  according  to  eq,  (2),  viz.  deduced  independently  of 
any  comparisons  with  Murchison  Bay,  as  well  as  with  that  according 
to  eq.  (3).  The  results  covering  the  period  of  recording  at 
Murchison  Bay  are  listed  in  Table  4,  where  refers  to  Uppsala 
and  cXjjg  to  Murchison  Bay.  Naturally,  the  way  of  deducing  the 
longitude  correction  represented  by  eq.  (3)  results  in  nearly 
coinciding  pairs  of  values  in  the  two  last  columns  of  Table  4. 
Nevertheless,  the  direction  of  the  anisotropy  as  recorded  by 
the  Uppsala  monitor  will  still  be  inside  the  limits  of  error 
asBigned  to  the  longitude  correction  according  to  eq,  (2), 


Table  4. 


Period 

'■^‘u 

■*'MB 

'■^'=71° 

Xu 

'■I*  =84° 

1  Sep.1957- 
31  Aug.1958 

U.5'l5° 

25,0°t5° 

103°i20° 

1l6°il5° 

115°il0° 

Calendar 
year  1958 

22.3°i5° 

37.7®i5° 

111°i20® 

128°il0° 

1  May  1958- 
30  Apr. 1959 

22.3°i5° 

33.5°i5° 

111°i20° 

124°il5° 

124°il0° 

In  the  discussion  concerning  the  vector  sum  diagrams  in 
Fig. 6  and  the  clock  diagrams  in  Figs .7  and  8  it  was  remarked 
that  the  yearly  mean  of  the  daily  variation  nd.^t  .  vary  slightly 
with  the  starting  points  of  the  twelve-monthly  periods.  This  is 
apparent  from  the  values  in  Table  4  also,  A.S  long  as  we  do  not 
know  the  reason  for  the  non-periodical  phase  shifts  causing 
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these  variations  we  are  not  able  to  eliminate  them.  As  will  be 
shown  in  the  final  discussion  influ*’nces  from  short  period 
variations  are  probably  eliminated  to  a  large  extent  in  every 
yearly  mean.  Therefore,  it  should  be  emphasized  that  the  present 
discussion  on  the  direction  of  the  anisotropy  is  concerned  with 
1 2-monthly  averages, 

A  simple  way  of  studying  the  directions  of  C.R.  anisotropies 
is  to  resolve  the  corresponding  vector  into  components  along  two 
axes,  one  along  the  radius  vector  from  the  sun  and  one  along  a 
tangent  to  the  orbit  of  the  earth  (SandstrSm  1956).  Concerning 
the  records  from  Murchison  Bay  there  is  no  doubt  about  the  exi¬ 
stence  of  the  component  along  the  radius  vector.  It  is  directed 
towards  the  sun.  Exactly  the  same  can  be  said  of  the  Uppsala 
records  if  the  longitude  correction  according  to  eq,  (3)  is  used^ 
A  radial  component  towards  the  sun  is  still  present  when  the 
longitude  correction  is  that  given  by  eq,  (2). 

9.  The  phase  as  a  function  of  the  K  index. 

Concerning  the  meson  component  there  exists  comparatively 
strong  evidence  that  the  phase  of  the  daily  variation  depends 
on  the  prevailing  geomagnetic  conditions  (Sekido  and  Kodama  1952, 
Sandstrom  1955),  For  a  similar  treatment  of  the  present  data  on 
the  nucleonic  component  the  days  were  divided  into  classes 
determined  by  the  maximum  Kp  index  of  each  day  (Sandstrom  1955). 
These  classes  are  listed  in  Table  5  together  with  the  number  of 
days  from  each  station  and  period.  For  the  sake  of  comparison 
between  Uppsala  and  Murchison  Bay  one  of  the  periods  was  selected 
so  as  to  include  the  whole  set  of  neutron  monitor  records  from 
the  latter  place.  As  the  records  from  Uppsala  show  good  agree¬ 
ment  in  phase  as  well  as  in  amplitude  for  the  thjree  1 2-month 
periods  illustrated  by  the  vector  sum  diagram  in  Fig. 5  it  was 
considered  appropriate  to  combine  these  three  periods  into  one. 
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lable  g 


Class 

of  days 

*'jr  • 

;  P:  max 

Humber  of  days  available 

for  analysis 

26  Aug. 1957-50Apr. 1959 

1  Sen. 1956- 
31  Aug. 1959 

Murchison 

Bay 

Uppsala 

Uppsala 

I 

12 

12 

28 

'  pimax 

II 

226 

216 

398 

III 

270 

263 

469 

IV 

67 

70 

125 

V 

7<'Fp]»ax=5' 

20 

19 

35 

A  study  of  this  ld.nd  has  already  been  published  concerning  the 
first  year  of  the  Uppsala  records  (Sandstrom  and  Lindgren  1959) ^ 

As  regards  the  days  employed  in  the  comparison  between  Uppsala 
and  Murchison  Bay  those  belonging  to  class  I  are  eractly  the  same 
in  both  cases.  In  classes  II  and  III  the  number  of  days  is  so  big 
as  to  make  the  few  cases  of  odd  days  completely  insignificant. 
Concerning  class  IV  the  available  number  of  days  is  anyhow  so  low 
as  to  necessitate  the  employment  of  as  many  days  as  possible  for 
the  sake  of  the  statistical  fluctuations.  Moreover,  variations 
correlated  with  the  geomagnetic  conditions  might  be  responsible 
for  some  of  the  day  to  day  phase  shifts  which  undoubtedly  exist. 

this  point  of  view  it  appears  desirable  to  accumulate  as 
many  days  as  possible  for  each  index  class.  If  the  number  of 
days  in  one  group  is  as  large  as  60  the  removal  of  a  few  days 
does  not  affect  either  amplitude  or  phase  in  a  serious  way  {Sand¬ 
strom  and  lindgren  1959). 

Concerning  the  most  disturbed  days  (class  V)  we  encounter 
another  problem.  These  days  are  usually  those  on  which  a  prominent 
Porbush  decrease  occurred.  An  ordinary  linear  trend  correction 
is  then  often  inadequate  for  the  separation  of  the  true  daily 
variation  from  the  singular  event  (Sandstrdm  and  lindgren  1959).  • 


Murchlswi  Boy 
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Pig. 10.  The  mean  first  harmonics 
for  days  divided  into 
classes  according  to 
their  maximum  index. 
Period:  25  Aug.  1957  to 
30  Apr.  1959 


\  scale  per  cent 
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Fig, 11,  The  mean  first  harmonic 
at  Uppsala  for  days  div 
into  classea  according 
their  ttaximum  7.^  index. 
Period  of  %  months:  1 
1956  to  31  Aug,  1959. 
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Therefore,  no  vector  corresponding  to  class  V  has  been  included 
in  the  clock  diagrams  of  Pigs. 10  and  11  (Tables  6  and  7).  However, 
in  the  Uppsala  records  there  is  a  sufficient  number  of  days  avail¬ 
able  during  which  C.R.  conditions  were  undisturbed  despite  the 
very  high  indices.  These  days  have  been  employed  for  a  special 
study  illustrated  in  Pig.  12. 

Table  7. 

First  and  sec^ond  harmonics  for  days  divided  into  classes 
according  Uppsala  1  Sep.  1956-31  Aug.  1959. 

The  limits  of  error  are  all  standard  errors  calculated  from 
the  Poisson  distribution  of  primary  data. 

The  amplitudes  are  in  per  cent  of  the  daily  mean. 

The  limits  of  error  for  the  phase  are  in  minutes. 


First  harmonic  Second  harmonic 


of  ■ 
days  j 

Amplitude 
per  cent 

Phase 

GMT 

Amplitude 
per  cent 

Phase 

GMT 

I 

0.347 

-  0.034 

1519  - 

22 

0.010  i  0.034 

0034  - 

779 

II 

0.298 

i  0.009 

1315  i 

1 

0.006  i  0.009 

0709  i 

344  : 

III  i 

0.261 

-  0.009 

1306  - 

8 

0.040  i  0.009 

■0733  ~ 

52  ^ 

IV  ^ 

0.295 

i  0.017 

1240  - 

15- 

0,010  -  0.017 

0106  - 

390  ; 

Concerning  Murchison  Bay  (Pig. 10)  the  vectors  for  all  four 
classes  of  days  fall  together  inside  the  limits  of  error.  Also 
the  contemporary  Uppsala  records  display  small  variations,  the 
class  I  days  excepted.  Despite  the  small  number  of  days  the 
lim-..ss  Of  error  are  sufficiently  narrow  to  prove  the  reality 
of  the  phase  shift  for  quiet  days  (class  I),  Likewise  there  is 
little  doubt  that  or.  class  IV  days  the  maximum  tends  to  appear 
earlier  than  on  the  lays  of  classes  II  and  III.  Space  forbids 
the  introduction  into  Pigs. 10  and  11  of  the  standard  errors  based 
on  the  residuals  of  the  experimental  points  after  fitting  the 
first  plus  second  harmonics. 

Daring  the  period  31  Aug.  1956  -  31  Aug,  1957  the  phase  of 
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tlie  class  I  days  in  Uppsala  was  the  same  as  that  of  classes  II 
and  Illr  The  introduction  of  accurately  calculated  limits  of 
error  does  not  change  this  aspect.  The  phase  shift  for  the  class 
I  days  from  this  period  to  the  following  12-month  period  is  more 
than  twice  the  standard ' errors  calculated  from  the  Poieson 
distribution.  Prom  this  point  of  view  it  is  perhaps  not  suitable 
to  found  an  analysis  on  as  long  a  period  as  56  months  (Table  1), 
But,  this  special  shift  excepted,  the  changes  from  one  year  to 
another  are  small.  A  period  over  several  years  will  present, 
through  better  statistics,  a  more  accurate  determination  of  the 
phase  shifts  between  the  other  classes  of  daySo  Prom  Pig,  11  caji 
be  seen  that  the  class  IV  days  certainly  have  an  earlier  mean  time 
of  maximum  than  days  with 
diagrams  ( Pigs ,  1 0  and  1 1 ) 
same  for  classes  II  and  III, 

The  long  period  of  36  months  has  also  yielded  a  sufficient 

S  for  the  study  illustrated 

max 

have  found  it  important  to  calculate 
also  the  limits  of  error  from  the  residuals  after  fitting  the 
first  and  second  harmonics  (Table  8),  They  are  illustrated 
by  dotted  circles  in  Pig.  12.  During  the  whole  period  11  days  of 
class  V  v/ere  found  which  did  not  have  any  single  event  disturb¬ 
ing  the  normal  variation.  The  2-hr  values  for  each  single  day  can 
be  road  from  the  curves  in  columns  1,2, and  4  in  the  upp’ir  part 
of  Pig.  12.  To  these  11  days  can  be  added  six  days  with  small 
Porbush  decreases  or  parts  of  such  decreases  (curves  in  column  3. 
Pig  12).  The  corresponding  vectors  are  to  be  found  in  the  clock 
diagram  in  the  lower  part  of  Pig-.12.  In  the  first -case  the  phase 
is  nearly  the  same  as  for  the  class  IV  days  in  Pig.V;,  In  the 
f3econd  case  it  lags  22^'  behind  (1.5  hrs).  The  amplitude  has  also 
increased.  If  all  available  days  of  class  V  are  employed  the 
phase  lag  increases  to  27°  and  the  mean  amplitude  becomes  twice 
that  of  the  group  of  11  days  first  considered.  As  the  added  days 
are  ones  With  prominent  Porbush  decreases  it  is  evidently  the 
decreases  and  not  a  change  in  the  normal  daily  variation  which 
produce  the  big  amplitude. 


number  of  days  with 
in  Pig,  12,  In  this  case  we 


jX  )  „  ^  5"*^^  In  all  the  three  clock 

I  pj  max 

"the  phase  appears  to  be  nearly  the 
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Table  8, 

Uppsala,  Mean  daily  variation  for  days  with  1  = 

p  J  max  ^ 

a)  Standard  error  according  to  the  Poisson  distribution  of 
primaiy  values, 

o)  Standard  error  calculated  from  residuals  after  fitting 
first  +  second  harmonics , 


Group 

of 

Amplitude 

Phase 

Per  cent 

Standard 

error 

GMT 

Standard 

error 

days 

of  daily 

mean 

a) 

c) 

a) 

c)  i 

1 1  days 

0.244 

0.056 

0.088 

1233 

53 

61  ^ 

17  days 

0.331 

0.045 

0.061 

1103 

31 

58 

35  days 

0.457 

0.032 

0.072 

1043 

16 

36 

The  change  in  phase  is  not  as  easily  brought  back  to  the 

same  source.  Nevertheless,  days  withlK  i  s'f’  but  undisturbed 

[_  pj  max 

by  actual  decreases  (11  d  vector  in  Pig. 12), have  nearly  the  same 
phase  and  amplitude  as  those  belonging  to  class  IV, 

The  veiriation  of  the  amplitude  with  I  K  i _ differs  from 

that  observed  for  the  meson  component  (Sandstrbm  1955).  At  pre¬ 
sent  the  nucleon  component  has  its  biggest  amplitude  on  days 
with  fKl  =  1'*’,  It  decreases  with  increasing  iK  1  „  until 
[K  I  ^  =  5  .  After  that  it  appears  to  increase  slightly  (class 


!_  pj  max  '  - -  - - " - - =  ' - 

IV).  The  same  picture  is  offered  by  all  the  three  clock  diagrams 

(Pigs.  10  and  11 ). 

Prom,  the  small  spread  of  the  vectors  for  the  nucleonic 

component  at  Miu’chison  Bay  it  follows  that  the  direction  of  the 

anisotropy  outside  the  earth's  magnetic  field  depends  only 

slightly  on  the  disturbances  causing  the  variations  of  the  K 

P 

index.  The  same  can  be  said  about  the  Uppsala  values,  days  with 

^  ^  -jT  -I- 

I  t  ^  ,3  _ ^ iS _ TT _ — — _ 


I  VI  =  ’  excepted.  Concerning  the  latter  the  Uppsala  records 
TPig,  10)  indicate  a  late  time  of  maximum.  Correcting  for  the 
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deviation  of  the  primaries  by  the  earth's  magnetic  field  we 
find  the  direction  of  the  anisotropy  to  be  174°  -  20°  to  the 
evening  Bide  for  =  71°  (eg,.  2)  and  187°  -  15°  for  =  84° 
(eq.  3).  A  comparison  with  the  contemporary  measurements  from 
Murchison  Bay  makes  both  these  values  look  meaningless.  Resolving 
the  anisotropy  into  radial  and  tangential  components  we  find 
that  at  the  latitude  of  Uppsala  the  latter  would  be  either  non¬ 
existent  or  smaller  than  that  at  Murchison  Bay.  If  the  correction 
according  to  eq,  3  is  accepted  it  would  even  be  possible  that  it 
had  the  opposite  direction.  At  the  same  time  the  radial  compo¬ 
nent  would  have  a  very  much  bigger  amplitude  at  Uppsala  than  at 
Murchison  Bay,  Even  considering  the  very  wide  limits  of  error  of 
the  longitude  correction  this  seems  contradictory j 

If  instead,  the  first  year  of  the  Uppsala  records  (Sandstrbm 
and  Lindgren  1959)  is  studied,  the  picture  will  be  different. 

The  same  is  to  some  extent  true  also  of  the  whole  36-month 
period.  In  the  first  case  the  vector  for  the  class  I  days  has 
almost  the  same  direction  as  that  for  the  period  unresolved 
according  to  the  Kp  index.  In  the  second  case  the  angles  of 
direction  will  be  139°  ~  20°  for  '4'^  =71°  and  152°  i  15°  for 
v+Jy  ss  84°»  This  appears  at  least  more  reasonable.  But  the  erratic 
phase  shifts  still  call  for  a  special  study. 

During  the  period  26  Aug,  1957  to  30  Apr,  1959  there  are 
only  12  days  belonging  to  class  I  (Table  5),  The  very  big  ampli¬ 
tude  of  the  first  harmonic  at  Uppsala  indicates  that  it  might 
be  possible  to  study  the  daily  variation  on  single  days.  The 
vector  sum  diagrams  in  Pig,  13  are  the  result  of  such  a  study. 

It  is  interesting  to  note  that  on  the  first  one  of  the  12  days 
under  discussion  the  phase  of  the  first  harmonic  differs  con¬ 
siderably  from  the  mean  of  the  whole  class  of  days.  Because  of 
the  unavoidably  big  standard  errors  the  phases  are  not  signifi¬ 
cantly  different  at  Murchison  Bay  and  Uppsala.  However,  the 
removal  of  this  particular  day  has  a  remarkable  effect  on  the 
means  for  the  remaining  11  days  (Pig.  1<).  At  Murchison  Bay  the 
phase  remains  the  same  while  the  amplitude  increases  by  a  factor 
of  approximately  two.  At  Uppsala  the  phase  decreases.  In  this 
case,  too,  the  amplitude  increases.  In  Pig,  14  the  dotted  vector: 
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represenl;  the  means  of  the  original  12  days,  while  the  full 
dravm  vectors  represent  the  means  of  the  remaining  11  days, 

A  comparison  "between  Pigs .10  and  H  reveals  that  the  exclu¬ 
sion  of  23  Bee,  1957  does  not  bring  the  Uppsala  and  Murchison  Bay 
vectors  of  the  class  I  days  into  phase  inside  the  standard  errors 
as  calculated  from  the  Poisson  dintribution.  However,  the  results 
indicate  that  12  days  is  too  short  a  period  for  the  elimination 
of  disturbances  in  the  daily  variation  nox  correlated  with  the 
phenomena  characterized  by  the  indices. 

It  ought  to  be  observed  that  23  Dec.  1957  is  at  the  end  of 
the  recovery  period  after  a  Porbush  decrease  (Compare  Sandstrbm 
and  Lindgren  1959). 

It  is  of  some  interest  to  study  how  the  removal  of  the  period 
3  Aug.  to  18  Nov.  1958  affects  the  phases  and  amplitudes  of  clas¬ 
ses  I  -  IV,  This  period  had  a  phase  which  differed  markedly  from 
the  phase  during  the  rest  of  the  Murchison  Bay  records  (Pigs,  6 
and  7),  In  the  case  of  Uppsala  the  phase  change  as  well  as  the 
change  of  amplitude  is  negligible.  For  Murchison  Bay  the  shifts 
are  significant  through  their  consistency  although  they  are  rela¬ 
tively  email  in  comparison  with  the  limits  of  error.  As  can  be 
seen  from  Pig.  15  the  shifts  are  in  the  same  direction  in  all 
four  oases.  The  direction  is  that  expected  from  the  removal  of 
the  period  with  abnormal  phase.  The  results  indicate  also  that  the 
late  time  of  maximum  is  unconnected  with  the  geomagnetic  condition 


during  the  period  in  question. 

Although  the  amplitude  of  the  second  harmonic  is  very  small 
in  comparison  with  the  limits  of  error  there  is  no  doubt  of  its 
existence  especially  for  days  with  (Tables  6  and  7). 

However,  for  the  geomagnetically  moist  disturbed  days  (7‘<|^Kp 
=  9°)  the  mean  amplitude  does  not  exceed  the  limits  of  errorl 

The  first  yearns  records  from  the  Uppsala  monitor  reveal 
a  significant  amplitude  of  the  second  harmonic  for  days  belonging 
to  class  IV,  However,  for  the  whole  period  of  36  months  the  mean 


amplitude  for  this  class  is  insignificant.  Disregarding  those 
cases  where  the  amplitude  is  less  than  the  limits  of  error  no 
variation  in  phase  can  be  observed.  This  might  be  due,  partly, 
to  the  inaccuracy  caused  by  the  small  amplitudes. 

As  can  be  seen  from  Tables  6  and  7  the  values  for  the  period 


1  Ssp,  1957  to  30  Apr,  1959  are  more  consistent  than  those  for 
the  36  month  period.  The  scattering  of  the  phase  values  is 
further  decreased  by  removal  of  the  three.  27  -  day  periods 
with  strongly  deviating  phase  at  Murchison  Bay  (right  part  of 
Table  6),  Naturally  the  magnitude  of  the  standard  errors  for¬ 
bids  definite  conclusions.  Still  this  might  be  an  indication 
that  the  second  harmonic  is  connected  with  certain  kinds  of 

disturbances  iust  as  the  increase  of  amplitude  with  Tk  1 

I  p J  max 

might  indicate  that  the  second  harmonic  originates  from  the  same 
causes  as  do  the  geomagnetic  disturbances. 


10.  Conclusion 

Undoubtedly  there  is  a  considerable  day  to  day  variation 
both  in  phase  and  ampl.i.tude.  In  many  cases  these  variations 
reveal  themselves  in  the  curves  giving  the  2-hr  values  of  the 
nucleon  component.  They  have  also  been  commented  upon  by  Piror 
et  al.  (1954)1  and  by  Me  Cracken  (unpublished  thesis  1959).  It 
is  possible  that  some  of  these  variations  are  due  to  local 
effects.  In  other  cases,  for  instance  23  June  195S  (Pig. 12)  it 
is  doubtful  whether  the  big  amplitude  is  to  be  ascribed  to  the 
normal  daily  variation  or  to  seme  superimposed  single  event. 

Under  these  circumstances  the  mean  value  over  a  long  period  be¬ 
comes  important  not  only  as  a  mnaxie  of  reducing  the  influence  of 
statistical  fluctuations.'  If,  ac  most  of  the  evidence  indicates, 
the  main  component  of  the  daily  variation  is  due  to  a  particle 
wind  blowing  along  the  earth ^s  orbit,  the  tilting  of  the  axis 
of  rotation  of  the  earth  will  possibly  give  rise  to  a  small 
seasonal  variation  in  the  amplitude.  This  seasonal  variation 
will  disappear  in  the  yearly  mean.  A  sidereal  component  "’ith 
constant  amplitude  will  also  disappear  in  the  yearly  mean.  Should 
the  amplitude  not  bo  constant  it  would  still  be  diminished  to  a 
minimum  through  the  process  of  averaging. 

Dattner  and  Venkatesan  (1959)  have  listed  seven  possible 
components  of  the  diurnal  variation.  The  existence  of  these 
components  has  been  derived  from  the  theory  by  Alfvin  (1954) 
concerning  the  origin  of  cosmic  rays.  One  of  these  components 
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i8  identical  with  the  solar  time  variation  which  can  be  ascribcrd 
to  an  ejcseb  of  particles  sweepihg  along  the  earth 'o  orbit  with 
an  angular  velocity  exceeding  that  of  the  earth.  This  component 
is  one  of  the  fain  subjects  of  the  present  investigation.  Its 
existence  is  well  established  in  the  nucleon  component  as  well  as 

i 

the  meson  component.  One  of  the  other  components  should  be;  present 
only  during  years  of  low  solar  activity  and,  therefore,  it  is  un¬ 
important  in  the  present  period  of  recording.  Of  the  other  five 
components  three  have  a  radial  and  two  a  tangential  direction.  : 

Two  of  the  radial  ccroonents  will  more  or  less  cancel  one  another 
in  an  annual  average.  This  also  indicates  the  yearly  mean  as  a 
less  complicated  object  of  study  than  short  period  means,  i 

One  of  the  tangential  components  of  Dattner  and  Yenkatesan 
is  connected  with  the  recovery  after  magnetic  storms.  It  should 
play  a  prominent  part  during  the  present  period.  As  yet  the  re¬ 
cords  from  Uppsala  and  Murchison  Bay  have  not  been  subjected  to 
a  search  for  this  component. 

It  has  not  been  our  aim  at  present' to  employ  the  neutron 

l 

monitor  records  from  Uppsala  and  Murchison  Bay  for  sorting  the 
components  of  Dattner  and  Venkatesan,  These  intricate  problems 
will  undoubtedly  have  to  be  solved  by  studies  of  the  daily 
variation  as  measured  by  stations  distributed  all  around  the 
world  and  with  the  meson  component  included.  They  are  mentioned 
here  only  as  one  of  the  reasons  why  means  for  whole  passages  of 
the  earth  around  the  sun  are  supposed  to  present  a  less  complicate 
daily  variation.  Nevertheless,  as  is  shown  by  the  Murchison  Bay 
and  Uppsala  records,  the  yearly  means  can  be  affected  by  non-re¬ 
current  periods  with  a  differing  phase  (Figs.  7  and  8).  If  only 
they  were  contemporary  the  existence  of  such  periods  could  be 
explained  by  the  appearance  or  disappearance  of  one  or  tv/o  of  the 
components  listed  by  Dattner  and  Venkatesan,  As  in  this  case  non- 
contemporary  phase  shifts  occur  at  two  stations  on  the  same  meri¬ 
dian  it  appears  as  if  an  explanation  through  such  somponents  is 
invalidated. 

When  means  for  periods  as  short  as  one  month  or  27  days  are 
being  studied  it  is  necessary  to  bear  in  mind  that  the  day  to  day 
variability  v;ill  play  a  prominent  part.  This  fact  might  be  res- 


the  earth. 

The  Murchison  Bay  records  reveal  that  the  anisotropy  makes 
an  angle  of  inore  than  90*^  with  the  radius  vector  from  the  sun.. 
Therefore,  if  resolved  in  one  tangential  and  one  radial  compo¬ 
nent  the  mean  yearly  anisotropy  will  have  a  radial  component 
directed  tov/ards  the  sun.  Making  it  a  condition  that  the  direc¬ 
tion  of  the  anisotropy  should  be  the  same  when  calculated  from 
the  Uppsala  records  as  when  calculated  from  the  Murchison  Bay 
records,  a  longitude  correction  can  be  found  for  Uppsala. 

During  three  consecutive  years  the  Uppsala  records  reveal 
only  minor  changes  in  the  phase  and  amplitude  of  the  yearly  mean 
first  harmonic.  When  short  periods  are  analyzed  phase  shifts  are 
found  which  do  not  appear  simultaneously  in  the  records  from  tht 
two  stations. 


At  Murchison  Bay  the  first  harmonic  exhibits  a  small  nega¬ 
tive  phase  shift  with  increasing  values  of  At  Uppsalc. 

the  first  harmonic  displays  clearly  the  same  small  phase  shift, 
days  with  Fk  "1  ,  =1"*^  excepted.  In  this  latter  case  the  phase 

I  p  f  QclX 

is  sometimes  strongly  shifted  towards  late  hours,  and  the  ampli¬ 
tude  increases  considerahly.  In  one  case  this  has  beer,  shown  to 
be  due  to  one  single  day  v/ith  strongly  differing  phase  and  ampl: 
tude.  This  day  had  the  same  phase  and  amplitude  in  Uppsala  and 
Murchison  Bav  but  affected  the  means  for  the  two  stations  in 


different  ways. 

The  amplitude  of  the  second  harmonic  is  very  small. 

Y/e  shall  postpone  further  discussion  until  the  harmonic  ar, 
lysis  has  been  performed  upon  the  records  of  the  meson  compo.nsn 
at  Uppsala,  Kiruna,  and  Murchison  Bay, 
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